SUMMARY A case-control design has been applied in the evaluation of improved environmental sanitation on diarrhoeal diseases in rural Malawi. The study demonstrates the feasibility of using such an approach to evaluate two levels of water supply and sanitation service quickly and at moderate cost. Sample sizes would need to be increased substantially to evaluate multiple levels of service or to investigate interactions between water supply and sanitation. The results indicate that children living in families who use good quality water supplies and latrines experience 20% less diarrhoea as reported to the health clinics during the warm, rainy season.
Diarrhoeal diseases are a major problem in developing countries, being a leading cause of illness and death in young children.' Using 1980 population estimates, diarrhoea accounts for about 800 million episodes of acute illness and nearly 5 million deaths annually in Africa, Asia (excluding China), and Latin America.2 Children under 2 years of age are especially vulnerable, the highest diarrhoeal mortality rates being found in infants and l-year-olds, and the highest morbidity rates in children 6-11 months of age.2 Environmental interventions, including water supply and excreta disposal improvements, have been advocated by the World Health Organization as part of a multifaceted strategy for diarrhoea control. 3 Considering results of past studies, estimated reductions of 35-50% in diarrhoea morbidity have been forecast for well-designed projects combining water supply, excreta disposal, and hygiene education. 4 Many studies on the health effects of improved water supplies and excreta disposal facilities have methodological problems which cast doubt on the validity of their conclusions. Blum and Feacham5 cite eight of these problems which include study design, validity of information, and analytical issues. They draw attention to the need for studies on existing water supply and sanitation programmes which are functioning satisfactorily and properly used. Recently, arguments have been presented for applying a casecontrol study design to diarrhoeal impact evaluations of environmental interventions in order to overcome many of these methodological problems.6 A casecontrol study would allow a more rapid evaluation of environmental projects than prospective studies and require a much smaller sample size than other designs if the disease ofinterest occurs infrequently among the population. Additionally, such a study could be initiated after the improved system has been shown to be functioning adequately and used appropriately. These potential advantages could result in substantial time and cost savings, but field trials are necessary to evaluate the feasibility of this approach. This paper addresses the application of a case-control design to study the association between diarrhoea (reported to health clinics) in children under 5 years of age and improvements in water supply and sanitation in Malawi.
Materials and methods

STUDY LOCATION AND POPULATION
The rural eastern Zomba district in Malawi was the area of recruitment for this case-control study. The tropical climate has a marked rainy season from November to March which coincides with peak diarrhoea incidence in young children. About half of the inhabitants are subsistence farmers growing maize or rice; the other half earn outside income through fishing, farming or small businesses. The scattered small villages are dominated by houses built ofmud or sun-dried bricks. Several tribes predominate in this region but cultural and behavioural differences are negligible.
Approximately 40% ofthe population is served by a gravity-fed piped water system supplied by untreated mountain streams. The system has been operational 83 Controls were randomly selected from children under 5 reporting to the clinic with symptoms of malaria, respiratory illness, whooping cough or measles who did not have severe diarrhoea. Fifty percent of the controls had malaria and another 45% had respiratory illness. Cases and controls were matched on clinic of recruitment and time of diagnosis. Time matching created incidence-density sampling which obviates the need for assumptions about the exposed proportion and disease rarity when estimating the incidence-density ratio.9
The sample size was calculated to detect a 33% reduction in diarrhoeal morbidity (odds ratio = 0.67) at a 5% one-sided significance level Two exposure categories were created based on the improved or unimproved status of the water supply and excreta disposal facilities. Children whose families used both an improved water supply and a latrine were categorised as "exposed to good environmental sanitation"; all other children were considered to be "not exposed". Since diarrhoeal diseases have many known risk factors other than water and sanitation, these were included is potential confounders in the specification of the logistic regression model. The confounders included were age, child feeding practices, water quantity (per capita), mother's education, economic status, and level of health education. Dichotomous response variables were used to represent all categories of confounders except for age and water quantity which were treated as continuous variables. Since controls were matched to cases on the basis ofclinic and time of recruitment, and both of these were exposure related but not disease related, clinic and time of recruitment were treated as selection confounders. 1 1 Both piped water availability and access to latrines varied during the four months of recruitment since heavy flooding caused pipeline breaks and destruction of the mud-walled latrines. House-to-clinic distance was also controlled to eliminate bias due to an association between distance and water service and the difference in the distances that cases and controls lived from the clinic.6
The odds ratio estimate from the logistic regression analysis was used to adjust for confounding variables. The (table 2) . The fecal coliform counts for the improved water supplies, standposts, and boreholes averaged less than 50 colonies/100 ml whereas the unprotected sources generally had fecal coliform levels above 500 colonies/100 ml.
The quality ofwater in the household was primarily a function of quality at the source. An analysis of variance was performed to assess the effect on household water quality (logarithmic values of fecal coliforms) of: water source, where the water jar was stored, whether the jar was covered, whether the Children whose families used both an improved water supply and a latrine were categorised as "exposed to good environmental sanitation"; all other children were considered to be "not exposed". The effect of improved environmental sanitation on the risk of diarrhoeal disease was estimated through crude and multivariate logistic regression analyses. The analyses were repeated with a more restrictive set of disease criteria. All diarrhoea cases with mild diarrhoea (n = 28) and controls with mild diarrhoea associated with their malaria or respiratory illness (n = 13) were excluded. Very similar results were obtained, OR estimates generally being the same. There were no clear indications of possible bias either towards or away from the null with the broader disease classifications. Again, there was a trend towards decreased diarrhoea with the availability of multiple rather than solitary or no interventions.
Further investigations of the data for the individual effects of water supply and excreta disposal yielded no meaningful results. Explorations of other effect modifiers, such as child feeding practices which have been shown to interact with water and sanitation,15
were not pursued due to the limitations of the sample size (only 6% of the children were exclusively breastfed).
Discussion
This case-control study was conducted to test: (1) the hypothesis that improved environmental sanitation would reduce diarrhoeal incidence; and (2) the feasibility of using a case-control design to evaluate health impacts of environmental interventions. The results have a bearing on both water and sanitation policy and on the prospects for further application of case-control studies to evaluations of such projects. First, though, several methodological and analytical issues must be taken into consideration when interpreting these results. There were no common water treatment practices to improve the quality of a polluted source. Thus, the sensitivity of both the water source and latrine classifications was high. If bias was introduced through poor specificity of the exposure classifications, it would be non-differential and would again bias estimates towards the null value. If misclassification of either disease or exposure did introduce bias, then the observed trends of decreased diarrhoeal incidence associated with improved environmental sanitation would be underestimated.
PRECISION
The sample size had been calculated to detect a 33% reduction in diarrhoeal incidence associated with improved water supplies and excreta disposal, no adjustments in size being made for confounders or interaction effects. Controlling other risk factors as confounders in the analysis should have little effect on sample size requirements (increase of < 15%) unless they are strongly associated with either disease or exposure.'8 However, interaction effects may require the sample size to be increased by a factor offour given a single dichotomous effect modifier. In this study, there were several interactions which would have been of interest to investigate: the interactions between water supplies, excreta disposal, and domestic hygiene and the interactions between these environmental interventions and child feeding practices. Obviously the sample size was inadequate for estimating measures of effect for any interactions.
HEALTH POLICY ISSUES
These data suggest that, for the population who use health clinics, a 20% decrease in diarrhoea reported to the clinic might be expected during the warm, rainy season for those children under 5 years of age whose families have improved water supplies and excreta disposal. For the area studied, such a decrease would affect approximately 20% of the population (those with both environmental improvements) using clinics. Comparisons ofdemographic data on clinic users and the general population show similar characteristics, with a slightly higher status of occupation for clinic users. Hence, such reductions in diarrhoeal incidence might be assumed for the general population during this season.
There is evidence4 19 20 that, under poor socioeconomic conditions, solitary environmental improvements may be necessary but insufficient for affecting health status. For this reason the Malawi rural water supply project has developed a strong hygiene education and sanitation promotion component. This study shows that where changes in both water supply and sanitation conditions take place there is a substantial reduction in diarrhoeal disease and suggests that this coupling of hardware and software should be continued in Malawi and extended to water supply projects in other countries.
FEASIBILITY OF THE CASE-CONTROL METHODOLOGY
This study has shown that a case-control design, as presented herein, may effectively be applied to the evaluation of environmental improvements when there is only one dichotomous exposure. If the true effect is near 0.80 rather that the anticipated 0.67, then the sample size would need to be increased to about 1500 cases and 1500 controls to demonstrate clearly such an association. If interactions between water, excreta disposal, and hygiene are of major interest, as might be the case for many health planners, then sample sizes would be prohibitive for case-control studies (and even greater for prospective or crosssectional studies). The methodological implications of this and a related field test in the Philippines are examined in more detail elsewhere.2'
